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USE OF AQUEOUS FOAM TO MITIGATE 6. Experiments to determine if foam is effective in
DEMOLITIONS NOISE quieting artillery (Chapter 8).

Scope
1 INTRODUCTION This study primarily considered unconfined ex-

plosives.

Background Mode of Technology Transfer
Blast noise from artillery, demolition, and explo- The results of this study will be incorporated into a

sives ordnance disposal (EOD) can cause major Technical Bulletin on Noise Mitigation.
environmental noise problems if an Army installa-
tion's space limitations require that these activities be
conducted near populated areas. At some installa- 2 LITERATURE AND TELEPHONE SEARCH
tions, annoyance and damage complaints (from both
on and off the installation) have restricted blast-
noise-producing training and EOD activities to day- Three types of experiments pertinent to CERL's
time/ favorable weather operations. If the noise pro- blast noise reduction investigation have been reported
duced by sach activities could be reduced at the in the literature:
source, then such operations would not have to be
curtailed, Thus, the U.S. Army Construction Engi- I. Work with foam-filled shock tubes"'4
neering Research Laboratory (CERL) is studying
ways to mitigate the blast noise produced by Army 2. Work with explosives under foama"
artillery, demolition, and EOD activities.

3, Work with foams to reduce artillery blast
Purpose noise.4

The purpose of this study was to determine whether
aqueous foam is a viable technique for quieting In the first type of experiment, relatively small
unconfined explosives and to establish design para- attenuations are measured and the effect of the foam
meters for its use. surface is found to be large. In the second type of

experiment, reductions in overpressure by factors of
Approach 10 are common. This second class of experiment is

This study had six steps: much closer to the problem of mitigating Army blast
noise, since the pressures from explosives are much

I. A literature and telephone search (Chapter 2). greater than the pressures in shock tubes.

2. Experiments to determine if aqueous foam Various mechanisms have been advanced as possi-
could produce sizable reductions in blast noise (as ble causes of overpressure reduction in foam, These
opposed to blast overpressure) (Chapter 3). mechanisms fall into two classes: direct energy reduc.

tion and shock attenuation. Three mechanisms have
3. Experiments to relate the amount of foam over been proposed which fit the class of direct reduction:

the explosives to the reduction in C-weighted sound
exposure level (CSEL), flat-weighted sound exposure I. The cooling of the explosives' fireball by the
level (FSEL), and peak level. Both high- and low- water content of the foam. Tliat is, some of the
expansion ratios of aqueous foam were considered6 explosive energy goes into vaporizing the foam,
(Chapters 3 and 4). cooling the fireball.6, 7

4. Development of recommended design para- 2. A direct energy reduction caused by the foam's
meters (Chapters 5 and 6). interference with the afterburn of the explosives.6,

5. Experiments to determine if foam is as effective 3. Momentum transferred to the liquid content of
in quieting shaped and cratering charges as it is for the foam; that is, some of the explosive energy goes
quieting bare charges above ground (Chapter 7). into accelerating the foam surfaces.10 It is thought

*Expansion ratio is the ratio uf foam volume to fluid volume. *References are listed on p 3',
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that if the mass surrounding the explosives is acceler-
ated, this energy will be regained by the shock wave
later and, in fact, may make the explosives more
efficient. '' *A - a

In the class of shock attenuation, the literature •t
mentions the following possible mechanisms:

1. Surface tension effects. The surface tension
energies involved in deforming the surface are rather
small, much smaller than the energy reductions
observed in explosives. Thus, this is probably not an

important mechanism.' 0 a a 
6  

01 .1 a .a d I a,

2. Reflections from the bubble surfaces, Multiple
reflections from the foam surfaces could cause the
shock wave to stretch out or diffuse. In this case, Figure I. Pressure vs distance for l0 g of PETN with
there would be no loss of impulse, just a lowering of a No- 6 Seismocap (from W, Anson and J, S. de
shock wave peaks. Once the pulse left the foam, it is Krasinski. Field Experiments in the CIL Facilities o]'
hypothesized that, the wave would again shock up the University o/'Calgar', Report No. 76 (University
and little energy would be lost.1 2  of Calgary, Canada. March 1976]).

3. Lowered sound velocity. Shock tube experi- with distance through the foam.
ments have recorded ai much lower sound velocity in
foams, This lowering of the velocity causes the shock F. H. Winfield and D, A. Hill experimented with a
wave to disperse and would lower the peak overpres- 6 X 6 X 1.8 m high enclosure of foam. Pressure
sure. Again, it is possible that the wave could shock transducers were placed both inside and outside the
up after leaving the foam.'. , foam (Figure 2),6 In this experiment, an explosive

composed of 0,9 kg of RDX was set off at 0.45 m
"J. Higher heat capacity materials. The presence of above ground level. Three different foam bases were

higher heat capacity materials during the expansion used: Chieftain XHX, Rockwood JET-X, and Lorcon
of the blast wave could result in more waste energy Fullex. These foam solutions were used with a
and, thus, in a reduction in overpressure.'3  Rockwood Super JET-X nozzle. The foams gener-

ated had expansion ratios between 100:1 and 200: 1.
Blast Overpressure Reduction Experiments The curves of overpressure vs distance for foam and

Three groups have performed experiments pertinent free a" -are shown in Figure 3; the curve of positive
to the problem of quieting Army blast noise: (1) J.S. de durat on vs distance is shown in Figure 4. Winfield
Krasinski of the Univercity of Calgary, Canada, (2) and V 'I feel that the fact that the impulse curve has
F. H. Winfield and D. A. Hill of the Defense zeroslopeat about l.2m from thecharge under foam
Research Establishment, Canada, and (3) D. A. and at about 1.8 m from the charge in air indicates
Dadley, E. A. Robinson, and R. C. Pickett of the that the fireball diameter is smaller in the foam. That
Royal Armament Research and Development Estab- is. the zero slope region is the area in which the
lishment, UK. Figure I shows the results of de fireball has ceased to grow.
Krasinski's field experiments, a plot of pressure vs
distance for 10 g of PETN with a No. 6 Seismocap. Although pressures of the magnitude found in this
The foam used in these experiments was Palmolive experiment are usually displayed in pressure units,
Rapid Shave, which has a void fraction of 0.936 (the for later comparison they have been plotted as
void fraction is the volume of gas contained in the decibel reduction vs scaled distance through the foam
foam divided by the total volume of the foam). The (Figure 5). The reduction in the foam increases
reduction in pressure at 0.06 m was from 495 to 130 rapidly from 1.0 to 2.0 scaled m, but levels off above
psi (3413 to 896 kPa), or a factor of almost 4 in 2.0m. The portion in which the increase is linear has a
overpressure (12 decibels [dBD. It appears that this slope of roughly 14dB perscaled m.* These measure-

r reduction is larger at 0.01 m, that is, from 505 to 32 * "Explosive data are commonly displayed in terms, of scaled
psi (3481 to 220 kPa), or a factor of 16 (24 dB). For dimensions, lncuberootscaling, thelineardimensions aredivided
this particular experiment, the reduction increased by the cube root of the charge mass.I

8
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o0 is m squares on wire scren - LGN
covered by polyethylene Gouge Distance Pressure/
plastic sheet No Ft ICm) Temperature

0--18m-. 1 6008) p
2 3(09) p
3 14(42)
4 9(2-7) p

09qRDX-TNT charge 6096) P
S-6 4012) P

Stelplt 3(09) T

StslIplt 2 4m ': Only used under foam

0 15m square wooden posts
Gauge stands spaced 1. S m apart
flat face oligned
with charge

Figure 2. Layout of pressure and temperature gauges for explosions under foam (from F. H. Winfield and D. A.
Hill, Preliminary Results on the Physical Properties of Aqueous Foams and Their Blast. Aitentuatlng
Characteristics, Technical Note No. 389 [Defense Research Establishment, Suffield, Ralston, Alberta, Canada,
August 1977]).
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13, 10 '30
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1 10 100
(0.3m) (3m) (30CM) DISTANCE Af 0

Figure 3. Peak overpressure reduction under foam Figure 4. Positive impulse reduction under foam
(from F, H. Winfield and D. A. Hill, PreliminarY (from F. H. Winfield and D. A. Hill, Preliminar '
Results on the Physical Properties of Aqueous Results on the Ph 'i sical Properties of' Aqueousv
Foams and Their Blast Attenuating Characteristics, Foams and Their Blast Attenuating Characteristics,5
Technical Note No. 389 [Defense Research Establish- Technical Note No. 389 [Defense Research Establish-
ment, Suffield, Ralston, Alberta, Canada, August ment, Suffield, Ralston. Alberta. Canada. August
1977]) 1977]).
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29 agreemen: between the data of Dadley et al. and those
26 0 of Winfield et al. when both are plotted vs scaled
27 distance (Figures 5 and 7), Although Dadley et al.
2a give no data about saturation of effectiveness, they25/
24 report that earlier experiments indicated that the
23 foam is ineffective when its depth is greater than the

1 ,fireball diameter of d = 1.5 (M)"/d in, where M is the
20 mass of the explosive in kilograms. They also say that

P .the efficiency of the foam is greatly affected by the
'a .standoff distance between the explosives and the
17• foam, although they did not report what magnitude
16 of standoff was investigated.15

14 ,os.-..o ,s... zo s - s"Environmental Noise Reduction Experiments

SCALEDom In 1977, A. K. Clark, P. J. Hubbard, P. R. Lee, and
H. C, Woodman of the Royal Armament Research

Figure 5. Decibel reduction vs distance through and Development Establishment, UK. published the
foam. (Plotted from data given in F. H. Winfield and results of an experiment which measured the reduction
D. A. Hill, Preliminary Results on the Physical in environmental noise which occurred when explo-
Properties of queous Foams and Their Blast AlIen- sives were fired in test chambers filled with foam.,
uating Characteristics, Technical Note No. 389 (De- They used a Turbex generator to produce a foam
fense Research Establishment. Suffield, Ralston, with an expansion ratio of 300: 1; foam depth in each
Alberta, Canada, August 1977],) of the test chambers was about 2.5 m. Measurements
ments indicate that the mechanism works directly on were made of the A-weighted peak level from charges
the fireball. Winfield and Hill suggest this effect may set with and without foam in test chambers. In the
be caused by the heat of water vaporization, which larger chamber, the reduction could not be directly
absorbs the energy in the fireball. compared since charges greater than 0.34 kg could

not be fired without foam because of complaints
In a similar experiment, Klautt and Hill measured from a neighboring industrial estate, A reduction of

gas temperature after the shock had passed bys They about 20 dB for the 0.3 kg charge was measured in
could not measure the fireball temperature directly, the smaller chamber; this reduction was larger for
but measured the temperature of the gas products smaller charges in the same chamber (Figure 8),
after the explosion. The temperatures of these pro- These reductions are certainly significant, but cannot
ducts were reduced from 75 to 37*C at 0,9 m and be generally applied because this experiment
from 72 to 28°C at 1.2 m away from the explosion. (1) involved confined explosives only, (2) measured
This indicates that the foam either cools the fireball only the A-weighted peak pressure level, and (3) used
or reduces the size of the fireball from the 1.9 m an indirect path from the explosives to the sound-
radius observed in air, level meter.

Dadley, Robinson, and Pickett measured the over- The Naval Surface Weapons Laboratory (NSWL)
pressures and impulses from 5 lb (2.27 kg) of has done experimental work on the use of foam to
RD X/ TNT at ground level. 7 The foam was generated reduce gun blast noise.4 They have performed model
by a Turbex generator manufactured by the Angus studies to optimize theshape of the cannister contain-
Fire Armor Company. This foamer produced a foam ing the foam. A full-sized test was done using a
with a 300:1 expansion ratio. Figure 6 shows the free 5-in./54 Naval weapon. A cylindrical cannister was
air levels and the levels under the foam produced constructed 10 calibers in length and 5 calibers in

* during their experiment. In Figure 7, these results diameter. This cannister had a central baffle (Figure
have been converted to decibel reduction vs scaled 9). The cannister was filled with a low-expansion
distance, The reduction increases rapidly up to about foam with an expansion ratio of about 10:1. The
2 scaled m, with a maximum reduction of 17dB. The foam was produced by a Mearl OT-lo foam mixing
reduction then decreases rapidly.* Note the close tank and a nn.zle constructed at the NSWL. When

the cannister was empty, it pr.oduced about a 3-dB

)Dadley et al do not say whether the charge was centered in reduction in peak pressure: when the cannister was
theirexperimentalenclosure ifit was. therewas no foam bcyond 2 filled with foam, it produced a 14-dB reduction in
s~caled mn. overp ressu re.
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Figure 3. Plots of sound pressure level vs charge weight for the small (a) and large (b) chambers described in A. Y.
Clark, P. J. Hubbard, P. R. Lee, and H. C. Woodman, "The Reduction of Noise Levels for Explosive Test
Facilities Using Aqueous Foams," Proceedings of the Second Conference on the Environmental Effects of
Explosives and Explosions, NSWC/ WOL TR 7-36 (Naval Surface Weapons Laboratory [NSWL], July 1977).

Figure 9. NSWL system for gun noise reduction.
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MEASUREMENT OF THE REDUCTION OF
3 BLAST NOISE BY HIGH-EXPANSION

AQUEOUS FOAM 18

Test and Analysis Approach
To determine if high-expansion foam can be used aO

to quiet unconfined explosives, CERL performed
four tests to relate the amount of high-expansion
foam to the reduction in CSEL, FSEL, and peak level
reductions produced by the foam. Data from these A
tests were then used to develop foam scaling laws. 5 -

Test I was a feasibility test which considered a very
limited number of charge sizes. In this test, charges 0
were fired in (I) pits filled with foam and
(2) enclosures constructed of plastic sheeting sup- 0 05 Q.2 0.3 04 0A L 0.7 0.5O 09 1.0
ported by corner posts. Test I results are given in FOAM 0EPTH (im)
Table I. II

Test 2 investigated the effects of different amounts
of foam on CSEL, FSEL, and peak levels, Two
charge sizes were used. The noise level reductions vs
depth of foam were then plotted for two different I0
charge sizes (Figure 10).

Test 3 kept the foam depth constant, but varied the
charge size, These reductions are plotted vs cube- S
root-scaled foam depth in Figure II. The foam depth 0
used in this plot is the geometrically averaged foam
depth:

d _XwXh 0 O 1] 01 000.? 00 09. 10
2[Eq1] J P~M SEPT14 (m,

where: t, w, h are the foam dimensions in meters. 15 -

When the results ofTest I were compared with the
results of Tests 2 and 3, it was apparent that much
larger reductions were achieved using the pit configur- .
ation in Test I. Thus, a fourth test was performed to
determine whether the results of Test I or those of
Tests 2 and 3 were more representative oftheeffect of I
foam on CSEL, FSEL, and peak level. All data from
Tests I through 4 are plotted vs scaled foam depth in 5 _• "Figure 12, KEY:

a.0.06
Experimental Setups and Procedures o, 0.7 Io

CERL tested two types of configurations. Spheres ...
of C-4 plastic explosive were used as the explosive 0 03 8 012110 I
charge. During all tests, the C-4 charges were set in FOAM MET4 4M)

, ~pairs: a test charge under the foam and a reference|charge without foam. All charges were set on crush-

able posts to eliminate energy variations caused by Figure 10. CSEL, FSEL. and peak level reductions vs
coupling into the ground. foam depth (Test 2).

13



A*0.061 kg

J 25o .aOATkg TET
.. J a5C 1.13 ko

20 -

A A

- 0 ' 44 0. o1 1.5 2.0 2.5
SCALED FOAM DEPTM, md(kq) 1/ 3

a 0.5 1 .0 1 .5 a a.5
SCALED FOAM DEPTH, m/kQ)'/ 3 0

Figure 11. CSEL, FSEL, and peak level reductionsZ o00
vs scaled foam depth (Test 3). ,"

All expe .,crii .;,.scribed in this chapter used a &
National rvntm .stem WP-25 High-Expansion
Foamer witi.~ . iational I 'A Percent High-Expansion ~~ . .
Foam solution. When water was provided by a fire I-.
truck at pressures of 200 to 250 psi (1379 to 1723 SCALED FOAM DCPTN'mI(kg1 113

kPa). foam with an expansion ratio of 250:1 was
produced.

Test I
* The first test used 0.57 and 2.27 kg of C-4

explosive, each charge wa: mounted on a 0.6 mn high 10-
post. Microphones were piaced on either side of the
explosives at 150 and 300 mn. The noise levels were&

* ~measured in situ with Bruel and Kjaer 4921 outdoor . ["cuM cckat
microphone units and the CERL-dsge andcon r 11t

structed True- Integrat ing Environmental Noise Mon- 5- 6.014T5
itor and Sound-Ex posure- Level Meter.'8 The signal M

was recorded on Nagra S-i recorders for later 013

4 laboratory analysis. :fl} 63 4

Two configurations were used during Test 1: 0 0.5 ND 15 I 2.

1. Pit Configuration. The test charges were set in aSCLDFA M,/ki3

3.0 X3.0 X1.75 mpit and foam was piled about 0.3 m
above ground level, covering the charge with 1.45 m Figure 12. CSEL, FSEL, and peak level reductions
of foam. vs scaled foam depth (Tests 1 through 4),

1.4



2. Enclosure Conflgqration. The foam was sup- weights were varied. Charge wetights of 0,061, 0.28,
ported above ground level by a fence of reinforced 0.57, 1.13, and 2.27 kg were fired ina 1.8 menclosure.
plastic sheeting stapled to corner posts to form a Because the wind tended to knock the foam down by
2.4 X 2.4 X 1.7 m high volume. 0.08 to 0.150 m during the tests, the geometric

averages of 1.8, 1.8, and 1.6 were used as the foam
The results of Test I established that significant depth. This depth was then cube-root-scaled and the

environmental noise reductions could be achieved; reductions plotted against the scaled foam depth
these reductions were similar for all metrics measured, (Figure 11). The reductions increase linearly up to
but did not provide enough information to allow about 1.2 scaled m, but then appear to level off, much
foam thickness and charge size to be related to a as Winfield and Hill described.8

reduction in sound pressure levels (Table I).
Test 4

Test 2 A fourth experiment was performed to determine
For Test 2, charges were set at the center of a whether the data from Tests 2 and 3 (which appeared

cubical volume offoam supported by plastic sheeting to level off at about a IO-dB reduction) or the Test I
attached to corner posts. Two Bruel and Kjaer 4921 pit configuration data (which achieved reductions of
microphones were placed 60 and 120 m away from 14 dB) represented the best data for a design curve for
and on either side of the enclosure. Two test series unconfined explosions. Test 4 considered:
were run in which the charge size was constant: 0.57
and 0.061 kg. The enclosure's dimensions varied from I. A 0.061-kg C-4 charge set off in a 1.63 X 1.63 >
0.305 to 1.52 m in 0.30S m steps, The foam dimension 1.52 m enclosure. Microphones were placed at IS and
used to plot the data was the shortest distance from 30 mi-closer to the charge than in Tests 2 and 3-to
the charge to the foam surface (Figure 10). These determine if a propagation difference could be the
plots show that the data for each charge size are linear cause of the saturation.
within the accuracy of the data. The smaller charges
display larger reduction. 2. A 0.57-kg C-4 charge centered and set off in a

3.66 X 3.66 X 3.66 m enclosure.*
Test 3

A third series of tests was performed in which the 'These tests were used to determine the behavior of larger
foam dimensions were held constant, but the charge chargs for large scaled foam depths.

Table I

Average Difference In Sound Pressure Levels
Between Reference Charge and Test Charge

Type of Event FSEL (d0) Peak Level (dB) CSEL (d4)

152 m 304m 152m 304m 152M

0,57 kg (pit without
foam) 0.38 0.23 1,91 2.08 1.85

0.57 kg (pit with
foam) 14.4 13.8 13.9 13.6 14.6

0.57 kj (enclosure
., with foam) 10.4 10.2 9.6 II.1 9.6

2.27 Jg (pit with
foam) 9.0 9.0 10.2 8.9 10,0

2.27 kg (enclosure
"with foam) 5.0 5.9 5.5 5.2 6.6

..
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3. A 2.27-kg C-4 charge centered and set o1' in a acornprison ol'theumoint ol peuk lvcl atenuation
3.66 X 3.66 X 3.66 m enclosure.* which can be achieved hy different amounts of

foam.t1srhis comparison technique is at best crude,
The first series occurred during light winds; two since at close ranges energy is still being fed into the

trials were run. The second and third series occurred shock wave, and the foam certainly must affect these
in fairly strong winds and the variation from micro- energy transfers. This calculation also neglects the
phone to microphone was rather large; i.e., the reflection oftheshockwave by the foam-air interface,
standard deviation was 3 dB.

The result of this calculation is displayed in Figure
Data Analysis 13. Winfield and Hill's data do not display a saturation

All data from Tests I through 4 were plotted vs value close to 1.5 scaled m. Considering the difference
scaled foam depth (Figure 12). The foam depths in in foam density (100:1 or 200:1 vs 250:1 or higher)
these plots are the geometric average foam depths or and the difference in technique (in-foam measure-
their equivalent, The data lines are least squares fit to ments vs remote acoustic measurements), the results
all the data, except the data from the pit configuration, agree quite well: 8.6 vs 6.3 dB per scaled m. This
Test 1. The first segment of the line is fitted to the data difference may be due to the fact that Winfield and
points from 0.0 to 1.6 scaled m, the second segment to Hill's pressure transducers were near the bottom of
points from 1.2 to 2.5 scaled m. the foam volume, and therefore were in denser foam,

while CERL measured the average release of energy
From Figure 12 it is apparent that: in all directions.

I. All the data obey the cube-root-scaling laws,
with the exception of the data taken in the pit during 3 20
Test I. That is, all of the data lie within 2 dB of the
best fit line; the scatter is greater above I scaled m.

2. For unconfined explosives, the reduction was •. ,
limited to about 10 dB, There appears to be a 0
transition from large attentuations up to 1.4 scaled m 10
to a much smaller attenuation above 1.4 scaled m. ,
This saturation effect was reported by Dadley et al.
for foam depth greater than the scaled fireball 5
diameter of 1.5 scaled m. 7 Although there is not
agreement as to where the effectiveness is reduced, j
these results agree qualitatively, 0.5 ID 1A. 2D 2.5

3. The measurements made during the pit configur- SCALED FOAM DEPTMm/(k9)I/$

ation tests display a greater reduction than similar
measurements made during the enclosure configura- Figure 13. Peak level reduction vs scaled foam depth
tion tests. These measurements are 3 to 6 dB above (Calculated from Winfield and Hill data),
the best fit line. This occurs because the relative
confinement of the pit walls increases the effective- Although Winfield and Hill do not display a
ness of the foam, either by preventing the foam from saturation value for overpressure reduction, they do
being blown away from the fireball or by reflecting note the point at which their positive impulse vs
pulses so they make more than one pass through the distance curve has zero slope is shifted from 3.0 to 1.2
foam. This result also lends credence to the large m by the foam. They felt that this implied that the
reductions reported by Clark et al, for charges foam reduced the fireball's size.
completely confined in explosive test chambers."4

5. All metrics (CSEL, FSEL, and peak level) are
4. Winfield and Hill's data were scaled out to 61 m reduced by roughly the same amount. The slopes are

using a design chart of pressurevs distance to provide 5.83, 6.63, and 6.33, respectively, per scaled meter.
That the difference between the peak level slope and

*.hese tests were used to determine the behavior of larger the FSEL slope is small indicates that there is little
charges for large scaled foam depths. duration change in the wave form, since the FSEL is
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an integral over the duration of the wave. The
positive durations and total durations of waves with
and without the foam were also measured (Figure
14); the duration usually was slightly reduced. Figures
15 and 16 show the percentage reductions vs scaled
depth of foam.

The positive duration reductions (about 5 percent) I--,

display no significant trends when plotted vs scaled
foam depth. The total durations display great scatter. OSITtON

but there is a definite tendency for the duration
change to bezome smaller as the amount of foam
increases. This indicates the presence of two mecha- MUL
nisms: (a) a direct reduction of energy or of time of
burn, and (b) a dispersive mechanism which spreads
the energy over a longer time as the wave travels Figure 14. Durations measured from wave forms.
through the foam,* Table 2

6. It appears that the foam does not have to be in Stindoff Experiment Reductions
contact with the explosive charge to be effective. In a
limited experiment, charges of 0.061 and 0.57 kg were Charge Maio (kl} CSEL (dl) FSEL (dB) Peak (dB)
set inside a 0.36 m cubicle box centered in the 1.22 m 0.57 4.2 5.2 5.3
enclosure, Table 2 shows the 1.22 m results with and
without the 0.18 m standoff. It appears that while a 0.57 standoff 4.6 5.4 5.5
small scale standoff of about 0.4 scaled m has'no 0061 8,8 9.2 8.8
noticeable effect, a larger standoff of 0.9 scaled m
does reduce the foam's effectiveness. On most of the 0.061 standoff 5.9 6.5 6.5
plots, the X-intercept of the best-fit curve is positive,
indicating that the first few inches of foam are
relatively ineffective. National Foam System I 'A Percent High-Expansion

Foam detergent.

MEASUREMENT OF THE REDUCTION OF The experimental setup for the 30:1 foam tests was4 BLAST NOISE BY LOW-EXPANSION similar to the one described in Chapter 3 for the 250:1
RATIO AQUEOUS FOAM foam tests. Spherical charges of C-4 were set in pairs,

one in the foam and one outside the foam. The
charges were set on crushable posts so they were

The noise level reductions measured during the centered in a near-cubical enclosure of plastic film (to
experiments described in Chapter 3, although fairly support the foam). Microphones were placed on
consistent, were limited to about 10dB. Thus, CERL either side of the enclosures 61 and 122 m from the
decided to investigate whether a foam denser thanthe center. Noise levels produced by charges with and
250:1 expansion ratio foam used in those tests would without foam were measured using the CERL True-
produce still larger noise level reductions. Integrating Environmental Noise Monitor and

Sound-Level Meter. The signals were recorded on an
A Mearl Corporation OT 10-5 foamer was selected Ampex 2230 14-track FM recorder. CSEL, FSEL,

for the dense foam experiments. The foamer's nozzle and peak level were measured.
was adjusted so it would generate a relatively stiff
30:1 expansion ratio foam at a reasonably high flow Three charge sizes were used: 0. 11, 0.57, and 2,27
rate; the foam was made from a 5 percent solution of kg. Three enclosure sizes were used with the 0. 11-kg

h~i charge: 0.31, 0.91, and 1.52 m. Five enclosures were
*A reductionintimeby20percentcorrespondstoabouta I-dB used with the 057-kg charge: 0.31, 0.61, 0.91, 1.22,

"greater attentuation of FSEL than of peak level. Anal, is of the andd1.52hm.eTwo sizeshwere:usedwith1the92.27.kg
(7SEL reduction is complicated by the C-weighting filter. In this and 1.52 m. Two sizes were used with the 2.27-kg
case, a decrease in duration decreases the integral over time, but charge: 0.91 and 1.52 m. The enclosures were oversized
also decreases the reduction produced by the C-weighted filter, by 0,2 m on length and width. The foam depth used to
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analyze the results of the low-expansion foam tests
was the cube root of the volume divided by 2; that is,
the geometric average of the distance from the charge
to the foam surface.

The differences in level from the different stations AL,
were averaged. These differences are plotted vs cube- ,s .11 14
root-scaled foam depth in Figure 17, which shows .LV3,o
CSEL, FSEL, and peak level reductions produced 3
during the low-expansion foam tests. Three features
in Figure 17 are of interest: II

I. The data scaled rather well; all the points lie
close to one another when reduced to scaled coordi-
nates. None of the points lies farther than the average s
standard deviation of 1. 1 dB from the fitted lines. 9

2. The reduction in FSEL is not linear for the full
range of scaled foam depth, but has a break point at
about 0.80 scaled m. The first segment on the FSEL
curve is fitted to the points from 0 to 0.9 scaled m; the
second segment is fitted to the points from 0.8 to 1.3
scaled m. As shown in Figure 17, the CSEL has a
similar break point near 0.82 scaled m. The peak level
reduction does not display as clean a break point.
However, the point corresponding to the largest
scaled distance is under the curve fitted to the rest of
the points. There are two possible explanations for
these breaks in the reduction curves:

a, There are two mechanisms for the reduction,
one which is only effective at higher pressures and
densities, and a weaker effect which can only be
observed outside of the strong shock region. £

b. There is a single mechanism which produces
large attenuations for high-pressure regions and
smaller reductions for lower pressure and temperature
regions.

~Io
The linearity of the curves and the sharpness of the
break argue for the first hypothesis since the transition
on the figure is rather sharp.

3. As with the high-expansion foam, the low-

expansion foam reduced the FSEL more than it
reduced the peak level, The initial slope of the peak
level curve is about 10.8 dB per scaled m, while the GA e l
initial slope of the FSEL curve is about 14 dB per • D P ,
scaled m. This is due to the reduction in time duration m q,
of the waveforms by the foam (Chapter 3).

Tr. further investigate the characteristics of this
reduction, positive and total durations were measured Figure 17. CSEL, FSEL, and peak level reductions vs
for several of the events. Like the high-expansion scaled foam depth: low-expansion foam tests.

19



0
40 j 0

10 0 0

0 0

0 0.5 10 Is .0

SCALED m

Figure 18. Positive duration reduction: low-expansion foam tests.

foam test data, low-expansion foam data results bility, the literature on complete blast scaling was
displayed great variations in duration reductions. examined,
The reduction in positive duration was about 20
percent (Figure 18); the reduction in total duration Analysis
was about 30 percent, with changes scattered down to Two scaling laws discussed in the literature on
0andupto44percent(Figure 19), Even for identical complete blast scaling are Sach's scaling and
events, the changes varied from 5 to 30 percent. The Lampson's earth-shock scaling law,17 For overpres-
duration change may be indicative of interference sure, Sach's law states that:
with the length of the burn, or the size of the fireball,
or of interference of the foam in the energy transfer pt- PC ([Ep 2]from the fireball to the shock wave. There is a small pE

tendency for the duration change to get smaller as the

foam depth increases, where:
p0 R3A 30 percent reduction in duration corresponds to g ( ) is a function only of E

a 1.5-dB difference between peak and FSEL reduction, E
if no other change in shape occurs. po is the ambient pressure

5 SCALING LAW ANALYSIS R is the distance from the center of the
charge

The work described in Chapters 3 and 4 considered
only two different foam expansion ratios: 250:1 E is the formally released explosive energy.
(high-expansion ratio foam) and 30:1 (low-expansion
ratio foam). For each foam, cube-root..scaled foam Lampson's earth.shock scaling law states:
depth was used to organize the test results for widely O (
varying chargesizcs into asingle set of curves foreach - _p - h ( -3  (Eq 3]metric (Figure 12 for the high-expansion foam and PO E
Figure 17 for the low-expansion foam). The success
in scaling the results for different charge masses in where:
this way indicates that perhaps the two sets of data poR 3
could be combined if plotted against a scaled variable h ( ) is a function of o

which includes foam density. To pursue this possi-

20
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Figure 19. Total duration reduction: low-expansion foam tests.

pa is the density of the medium surrounding the1,d X -P.- 4_0 Eq 4]charge

R is the distance from the center of the charge where:

M is the mass of the charge. p is the foam density in kg/ M3

Since the reduction data in Chapters 3 and 4 scaled d is the geometrically averaged foam depth
well as a function of (d3 / M)1/3, Lampson's scaling law
5ulgests that plotting all of the data as a function of M is Lhe mass of explosive in kilograms of TNT.
pd 1. M 113, where p is the foam density, should be
examined. The density of the foam is given by the density of

water (1000 kg/ M3) divided by the expansion ratio.
All of the data points from Chapters 3 and 4,

except the data taken using the pit configuration, are Results
plotted vs dimensionless foam depth (Figure 20). The 1. The data scale well for all metrics up to a
dimensionless foam depth used in this figure is the dimensionless depth of 2.5. Little or no systematic
geometrically averaged foam depth multiplied by differences were detected between the high- and low-
the cube root of the foam density in kilograms per expansion foam data. Thus, the foam scaling laws
cubic meter and divided by the cube root of the
charge mass in kilograms of TNT*: CERILI experiments is about 1.34 times as effective as TNT; to

*When charge mass is used in scaling liws, it is common to agree with scaling conventions, CERILa charge musses were

express it in terms of an equivalent mass of TNT. The C-4 used in adjusted by that factor."
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and Figure 20 can be used to predict the reduction
produced by different foams, different foam depths,
and different charge masses. However, there are not
enough data at different foam densities to prove that
the foam scaling laws hold for widely varying foam
densities. Caution should be used in extrapolating

&a SO31 FOAM beyond the limits of 250:1 and 30: 1, For example, for
[3-250:1FOAM telmt

the extreme case of pure water (expansion ratio 1: 1),
the foam scaling laws do not hold. When CERL
measured the reductions produced by pure water by

zo setting a 0.57-kg charge of C.4 in the center of a
:0.39 m cube of water, the dimensionless foam depth
calculated for this experin.:nt was 2.22, which by
Figure 20 would result in reductions of 8.0, 8.7, and

S8.2 in CSEL, FSEL., and peak level, respectively. The

Uactual reductions were 3.8. 3,7, and 5.7 (these were
the average reductions measured by microphones at
30.5, 61.0, and 122 m, respectively),

r2t If the foam density scaling laws are valid, they
would imply that the blast reduction mechanism is

.the transfer of momentum and energy to the mass
content of the foam. In most cases, additional mass

S~around an explosive increases its efficiency:, some of
S==" the energy is transferred to the mass, which in turn
S'* .0transfers energy into the shock wave,"I

For foam, however, there is a radical change in the
physical distribution of the mass during each energy

J atransfer process, During the energy transfer to the

foam, the liquid content is arranged in easily acceler-
ated thin layers. When energy is transferred back to
the shock wave, the liquid content is in small, more
compact water droplets, If this model is correct,
energy is easily transferred to the foam, but only a

small portion is transferred back to the shock wave.
15 This model would also explain the decreased effective-

M ness of pure water with respect to foam, since the
transfer of momentum and energy to the liquid

, content would be more favorable for the thin layers

of water in the foam than for the homogeneous masi
of water. However, the only way to establish confi-
dently the validity of the foam scaling laws is to make

C3 pressure measurements in the foam during an ex-
plosion,

5

3. The foam scaling laws do not hold for dimen-

"sionless foam depths greater than 2.5. Above 2.5,
denser foam produces greater reductions than lighter

,foam. This is an indication that there are two
D 2.0 3o 40 5o LO Zo mechanisms for the reduction, one which is dominant

DIMENSIONLESS FOAM DEPTH close to the charge, another which is dominant
farther out, The reductions produced by the close-in

Figure 20. CSEL, FSEL, and peak level reductions vs mechanism scales with foam density- the reductions
dimensionless foam depth. produced by the other mechanism do not.
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6 APPLICATIONS 
Table 3

E111clenclu of Various Army Explosives

Exploalve Emelency

The results of the experimental work described in TNT 1.00

Chapters 3 through 5 can be used to predict the noise
level reduction of explosives muffled by foam. For Tetrytol, M I, M2 1.20

these predictions, the best fit lines of Figure 12 and 17 Composition C3 1.34
are scaled to kilograms of TNT (Figures 21 through M3, M5

23). The foam density scaling laws developed in MSAI
Chapter 5 can then be used to adjust for different Composition C4
foam densities. M 112

Factors involved in calculating noise level reduc- Ammonium Nitrate 0.42
(craterini charge)tions are:

Sheet explosive 1,14
I. The equivalent charge mass M196, M118

charge

2. The expansion ratio of the foam demolition

Military 0.92

3. The depth of the foam, dynamite
MI

Equivalent Charge Mass Straight dynamite (40%) 0.65The data analyses of Chapter 3 and 4 used the (commercial) (50%) 0.79

charge mass in calculating the scaled foam depth, (60%) 0.83
This procedure is only valid if a single type of Ammonia dynamite (40%) 0.41

explosive is used, To use mass scaling laws for (commercial) (50%) 0.46

different types of txplosives, the mass must be (60%) 0.13
adjusted by multiplying the mass times the relative
efficiency of the charge, Gelatin dynamite (40%) 0.42

(dynamite) (50%) 0.47
( 60%) 0.76

The efficiencies of various Army explosives are listed

in Table 3, Table 4 lists the equivalent charge masses PETN 1.66

"for some common Army demolitions.ts (Note that Tetryl 1.25

the equivalent charge mass of the booster charge Composition B 1
must be added to the cratering charges.) .35

Amatol 80120 1,17
Foam Depth

The foam depth used in the analyses described in Black Powder 0.55
this report is the geometrically averaged foam depth, Nitrostarch 0.80
For the rectangular enclosures, %/ewh /2 was used.
This will be a conservative depth for cases where the Pentolite 1,27
charge is at the bottom of the foam, rather than
centered in the foam. For the charge at the bottom of permanent enclosures), the distance to the open area
the foam,Vw / 2 should be used as the foam depth. should be the largest dimension (see Figure 24).

For nonrectangular shapes, the average depth is Foam Density
also the cube root of the volume divided by two. The To determine the density of the foam, the foamer
ideal shape for the foam volume would be a hemi- should be allowed to run at least 30 seconds. Then, a
sphere (for a charge on the ground) or a sphere (for a sample of the foam should be taken in a large,
charge above ground). In designing enclosures with waterproof container. The expansion ratio is the
collapsible walls, the dimensions should be such that weight of the container filled with water minus the
the distances from the charge to the foam surface are weight of the empty container divided by the weight
about equal. For an enclosure with rigid walls (pits or of the container filled with foam minus the weight of

23
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Figure 21. CSEL reduction prediction curves.
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Table 4

Common Demolitions and Their Equivalent Weights

Approximnte TNT

Demolition Explosive Equialentl

Demolition Kit, Bangalore
Torpedo

MIAI 4.1 kg Amatol 5.2 kg,
0.5 ks TNT booster

M2A2 4.8 kS comp B4 7.0 kg
0.5 kg A-3 booster

Charge. demolition 13.6 kS ammonium 10.3 kg + booster
block. 4-lb nitrate charge
cratering charge 4,5 Its TNT

Charge: demolition:
shaped

(15-1b) M2A3 4.3 kg comp B 6.9 kg
0.9 kg Pentolite

(I-Ib) M2A4 5.2 kg comp B 7,0 kg
0,05 kg A3

(40-Ib) M3 12.8 ks comp B 18.3 kg
0.8 kg Pentolite

(40-1b) M3A1 13.8 kg comp B 18.6 kg
0.05 kg; A3

the empty container. When collecting the sample, density (or the curve closest to the measured foam
care should be taken to collect only foam and not density). Figures 21 through 23 include hatchmarks
liquid runoff: corresponding to example foam densities. If the foam

density is not 30:1 or 250:1, correct the foam depth to
Expansion ratio = the nearer of the two curves:

[Eq 5]
_ ,Weight of a volume of water a. For a foam closest to 30:1 with an expansion

Weight of the same volume filed W-th foam ratio less than 30: 1, multiply the scaled foam depth by

In this chapter, the expansion ratio is used when ( 30 t3
calculating reduction, although scaling was based on (expansion ratio?
the foam density (Chapter 5). and determine the reduction from the appropriate
Noise Level Reduction Calculation 30:1 curve in Figures 21 through 23.

To determine the noise level reductions produced
by an unconfined or confined charge covered with b. For a foam closest to 30:1 with an expansion
foam: ratio greater than 30:1, multiply the scaled foam

depth by

1, Calculate the scaled foam depth:

foam depth ( s30
Scaled foam depth = •equivalent charge mass

and determine the reduction from the appropriate
[Eq 6] 30:1 curve in Figures 21 through 23.,

2. Select the curve corresponding to the foam c. For a foam closest to 250:1 with an expansion

28
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ratio less than 250:1, multiply the scaled foam depth need a larger foam volume to produce the same
by attenuation. However, these foamers have a very

high flow rate (35 m3 / min). The decision as to which( 250 \1/: type of foam to use depends on the required enclosure
expansion ratio) size and the application time requirements.

and determine the reduction from the appropriate Deployment Configurations
250:1 curve in Figures 21 through 23. I. A reusable container should be considered for

most field applications. These containers do not have
d. For a foam closest to 250:1 with an expansion to be rated to withstand the full charge, since even

ratio greater than 250: 1, multiply the scaled foam low-density foam will reduce blast overpressures by a
depth by factor of 5. An open-ended metal cylinder would

make a good reusable container, since it is portable
expansion ratio) /3 and suitably confining (Figure 25).

2. For training ranges and EOD, the charges can
and determine the reduction from the appropriate be set in a permanent pit on the range site (Figure 26)
250:1 curve in Figures 21 through 23.

3. For other applications, the foam can bedeployed

Extrapolation below 30:1 and above 250:1 should in a large plastic bag, a prototype of which was built
be done with caution:foam above 250:1 does not give and tested by CERL (Figure 27). The high-expansion
good results due to saturation. foamer can produce a very dense foam when the foam

is blown into the bag; it will take about 4 min to fill a
3. Look up the reduction corresponding to the 6 x 6 m bag with a 2 m high volume of foam,

corrected scaled foam depth in Figures 21 through
23. This should be looked up on the line corresponding
tp the closest expdnsion ratio (as discussed in Step 2).

4, Correct for confined charges. If the foam is
contained in an enclosure or pit which has walls
which will not be knocked down by the explosion, the
explosion is said to be confined. CERL's experiments
indicate that if the change is confined, the reduction
will be about 4 dB greater than if it is unconfined
(Chapter 3).

General Guidelines
I. The largest reductions are achieved in relatively

confined situations. Reduction should increase as the
degree of confinement increases. Enclosures and pits

with rigid walls that cannot be toppled by the
explosion should be used, when possible.

2. The larger the charge, the more foam required. Figure 25. Example of portable foam enclosure.
For very large charges, the enclosure size could
become prohibitive. For example, to achieve a I 0-dB

reduction in CSEL for a 20-kg charge using a 30:1 THE USE OF AQUEOUS FOAM TO QUIET
foam in a pit or open-topped permanent enclosure 7 SHAPED AND CRATERING CHARGES
would require an enclosure about 3 m on a side.

.3, Although the low-expansion ratio foam pro- An important facet of Army engineer training is

duces higher ultimate attenuations, the capacity of the use of shaped and cratering charges to create tank
commercial foamer units is limited to flow rates of traps and other obstacles. These charges present
1.4 m /min. Higher expansion foamers generally environmental noise problems because they are among

29

.......... ...... .................... ........ ... ., . -..- -



• ..b
n .5,.,.**..*,

, BUILT IN ,.,

" " FOAMER UNIT

• , CONCRETE WALL

SAND .....

,. ***. * . DRAINAGE TILE ,,

,& i ... * . ,,

Figure 26. Example of a permanent foam enclosure configuration.

1. The M2A3 IS-lb shaped charge. This charge is
composed of 4.3 kg of Composition B and a 50-50
Pentolite booster weighing 0.9 kg in a fiber container.
A cylindrical fiber base provides a 0.100 m standoff: a
glass cane is used as a cavity liner.

.2. A 40-lb cratering charge composed of 13.6 kg.of
ammonium nitrate-based explosives and a TNT-
based explosive booster of 4.5 kg in the center

Figure 27. Example of a plastic bag type foam portion next to the priming tunnels.
enclosure.

The cratering charges were set with a booster of
0.57 kg of C-4. In normal use, shaped charges are

the largest charges routinely used for Army training, used to dig the holes in which the cratering charges
The cnaracteristics of these charges are different from are set. In the sandy loam soil at the test site, the
the bare charges used in the design work described in shaped charge produced a hole about 2 0m deep and
Chapters 3 through 6. The shaped charge is designed 0.5 mn wide.
to direct energy into the ground to create a narrow,
deep hole. The cratering charge is set underground Shaped Charges

andamoiu nctrat-eale muchsve and it enryNT-oinarh

Three configurations were evaluated in this experi-

CERL investigated (1) the use of aqueous foam to ment:

quiet these charges and (2) whether the design charts
developed for bare charges could be used with 1. A 3.86 X 3.86 X 3.10 m high enclosure tilled
nonsymmetric charges like shaped and cratering with high-expansion ratio foam (250: 1).

0.7c o -.rnnrmluessedcage r

charges. 
2. A 1.73 to 1.73 X 1.52 m enclosure filled with

Two types of charges were studied: low-expansion ratio foam (30:1).
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Table S

Reduction Results - Shaped Charge Tests

Reduction (dB)

Confleuration Foam Expeanson Ratio CSEL FSEL Peak

3.8 X 3.8 X 3.0 m 250:1 2.7 3.6 3.6

1.7 X 1.7 X 1.5 m 30:1 4.3 5.6 5.3

1.4X 1.4 X 1.2 m 15:1 6,0 715 7.6

3. A 1.42 X 1.42 X 1.22 m high enclosure filled c. Foam expansion ratio: in this case, the foam
with low-expansion ratio foam (15. 1). expansion ratio is 250:1,

All shaped charges were set at the standard standoff 2. Calculate the expected CSEL, FSEL, and peak
of 0. 100 m so the top of each charge was 0.4 m above level reductions:
ground level. The experimental setup was the same
as that used in the high-density foam tests (Chapter a. Calculate the scaled foam depth:
3). Charges were set in pairs, one in the foam and one
outside the foam. Microphones were placed on either Scaled foam depth = 1,79/(6.9)"' = 0.94 scaled m
side of the charges at 152 and 305 m. The CSEL,
FSEL, and peak levels were measured on a CERL b. Locate the appropriate reduction prediction
True-Integrating Noise Environmental Monitor and curves in Figures 21 through 23. In this case, the 250:1
Sound-Exposure Level Meter. The signals were prediction curves in Figures 21 through 23 indicate
recorded on an Ampex 2230 14 Track FM recorder, that for a scaled foam depth of 0.94 m, the CSEL.

FSEL, and peak level reductions should be 4.4, 5.2.
Results and 5.2 dB, respectively, Since the charges were

Table 5 shows the reductions in CSEL, FSEL, and unconfined, no correction is necessary.
peak level measured for each experimental configura-
tion, To check if the foam scaling laws could be used 3. Discussion: The curves predicted noise level
for shaped charges, the predicted reductions were reductions greater than the actual measured reduc-
calculated using the methods described in Chapter 6, tions of 2.5, 3.6, and 3.6 dB, respectively, for CSEL,
(The calculation descriptions given below are pre- FSEL, and peak level. Since only one trial was run
sented step-by-step to allow the reader to calculate for this configuration, the charge-to-charge variation
predictions for shaped charges with different foam could have produced errors this large. It is also

- densities and foam dimensions than the ones used in possible that the reduction mechanism is not as
CERL's experiments.) effective for the directed -nergy of the shaped charge.

Confltauration 1: 3.86 X 3.86 X 3. I m (250:1 foam) Con iguratlion 2:1.73 X 1.73 X 1.52 m (30.'lfoam)

I, Calculate the equivalent charge mass, the foam I. Calculate the equivalent charge mass, the foam
depth, and the foam expansion ratio. depth, and the foam expansion ratio,

a. Equivalent charge mass: from Table 4, the a. Equivalent charge mass: from Table 4, the
equivalent charge mass for the M2A3 charge is 6.9 equivalent charge mass for the M2A3 charge is 6.9
kg. kg.

b. Foam depth: b. Foam depth:

Foam depth - (3.86 X 3.86 X 3. 1)': = 1.79 m (1.73 X 1.73 X 1.52)113 0
2 Foamdepth - 2 0.82 m
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c. Foam expansion ratio: in this case, the foam Thus, from the prediction curves for the 30:1 expan-
expansion ratio is 30: 1. sion ratio in Figures 21 through 23, the reductions in

CSEL, FSEL, and peak level should be 4.4, 4.7, and

2. Calculate the expected CSEL, FSEL, and peak 4.7 dB, respectively. The foam was unconfined, so no

level reductions: correction is necessary.

a. Calculate the scaled foam depth: 3. Discussion: These predictions are lower than
the measured values of 6,0, 7,5, and 7.5 dB, respec-

Scaledfoamdepth=O.82/(6.9)"3=0.43scaledm tively, for CSEL, FSEL, and peak level.

b. Locate the appropriate prediction curves in Summary
Figures 21 through 23. In this case, Figures 21 Although each of the shaped charge measurements
through 23 indicate that the reductions in CSEL, described above involved only one trial, limiting the

FSEL, and peak level corresponding to a scaled foam accuracy of the results, it appears that for shaped

depth of 0.43 scaled m should be 4.2,4.6, and 4.5 dB, charges denser foams produce larger reductions than

respectively. The foam was unconfined, so no correc- predicted, and lighter foams produce less reduction

tion is necessary. than predicted.

3. Discussion: The predicted noise reductions agree In terms of the amount of water and detergent, the

reasonably well with the measured reductions of 4.3, denser foams are more efficient. That is, it takes less

5.6, and 5.3 dB, respectively, for CSEL, FSEL, and waterand detegent to producea particular reduction

peak level, with a dense foam than it does with the lighter foams,

Configuration 3: 1.42 X 1.42 X 1.22 m (15:1 foam) To demonstrate what would be required to produce

a particular reduction, a conservative estimate was

1. Calculate the equivalent charge mass, the foam made of the amount of 15:1 foam needed to reduce

depth, and the foam expansion ratio, the peak levels of M2A3 shaped charges by 5 dB, In
field use, a disposable cylinder would be a convenient

a, Equivalent charge mass: from Table 4, the way of providing support for the foam (Figure 25).

equivalent charge mass for the M2A3 charge is 6.9 The following describes how to calculate what size

kg, disposable cylinder would be needed to achieve a
5-dB reduction.

b. Foam depth:
I. The scaled foam depth necessary to achieve a

Foam depth = (1.42 X 1.42 X i.22)"// 2 =0.67 m 5-dB reduction in peak level with the 30:1 foam is 0.47
scaled m (Figure 21).

c. Foam expansion ratio: in this case, the foam
expansion ratio is 15:1. 2. To correct for the 15:1 foam expansion ratio,

0.47 scaled m is multiplied by (15/30)"3 (less foam is
2. Calculate the expected CSEL, FSEL, and peak needed):

level reductions:
Corrected scaled foam depth I (1.5)'•'X 0.47 =

a. Calculate the ,,caled foam depth: 0.37 scaled m. /

Scaled foam depth = 0.67/(6.9)"• = 0.35 scaled m 3. To convert the scaled depth to the actual depth,

0.37 scaled m is multiplied by the cube root of the

b. Locate the appropriate prediction curves in charge weight:
Figures 21 through 23. In this case, the 15:1 expansion
ratio is closest to and smaller than the 30:1 curve. To Depth = (0.37) (6.9)' " = 0.70 m

correct the foam depth, multiply by (30/15)"13:
4. The cylinder dimensions must be sized so the

Corrected foam depth - 0.35 X (30115)I/" = 0.44 cube root of the volume divided by 2 equals 0,70 m.
scaled m the height should be larger than the diameter. In this
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Table 6

Levels for Bare Cratering Charge

364 m 152 M

Depih (m) CSEL FSEL Peak CSEL FSEL Peak

I 0.76 107.2 109.5 123,2 111.6 119.7 134.7

2 0.74 113.3 119.2 137. 120.8 126.6 145.9

3 0.97 97.9 108.9 123.9 107.6 117.0 131.2

4 0.61 wet 109,6 114.7 135.7 118.2 122.4 145.2

5 0.61 dry 112,2 116.6 133.6 119.8 123.6 146.1

6 0.97 dry 108.7 116.0 133.0 116.1 124.4 140.9

7 0.97 dry 98,3 102.6 124.4 108.6 117.9 137.4

Energy Average 109.4 114.9 134.5 116.9 122.8 142.8

Table 7

Comparison of Lvela From Cratering Charge With Bare Chargea

304 a 152 .

CSEL FSEL Peak CSEL FSKL Peak

Average Cratering Charges:
Level 109.4 114.9 134.5 116.9 122,8 142.3 Depth - 0.61 to 0.97 m

in sandy loam

Loudest 112.9 116.6 138.6 119.8 123.6 146.1

Average 0.567 k ot C-4,
Level 114.5 117.1 138.7 122.8 125.5 148.2 0.6 m above ground

Average 2.27 kg of C-4,
Level 118.8 123.0 145,0 127,7 131.7 153.2 0.6 m above $round
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case, the cylinder should be 1.5 m in diameter and THE USE OF AQUEOUS FOAM
1.65 tall. 8 TO QUIET ARTILLERY

Thus, it would take a 2.9 m3 volume of 15:1
expansion ratio foam to reduce by 5 dB the peak To investigate the potential of aqueous foam to
noise level of a M2A3 shaped charge fired in a 1.5 m quiet artillery, CERL conducted a joint study with
wide by 1.65 m tall cylinder. It would take 193 L (46 the Ballistics Research Laboratory (BRL), Aberdeen
gal) of water and 9.7 L (2.3 gal) of foam solution to Proving Ground, MD.
produce a 2.9 m3 volume of 15:1 expansion ratio
foam. At 1980 retail prices, this amount of foam The gun used in the study Was a 75-mm smooth
detergent would cost less than S3.00. This amount of bore weapon loaded with 2.5 kg of M-30 propellant.
foam could be produced in 2 min with a single load of The projectile was a blunt-nosed slug. Microphones
a Mearl OT 80-Dual 20 foamer. were placed at 53 m from the muzzle at 45 and 900

from the projectile line of flight. The blast signatures
Cratering Charges were analyzed in situ using the CERL True-Integrat-

An evaluation of whether foam can effectively ing Environmental Noise Monitor and Sound-
quiet 40-lb (18-kg) cratering charges was not possible Exposure Level Meter. Signatures were also recorded
because of the variation in noise levels from charge to on Nagra SJ recorders. Measurements were made
charge. Table 6 lists the levels of the cratering charge with the muzzle bare and compared to noise levels
fired during CERL's experiments. The range of levels produced when the gun muzzle was inserted into
is more than 16 dB for all events. For matched pairs various size foam containers. The foam densities used
of events, where great care was taken as to identical were 30:1 and 15: 1.
depth and tamping, the variation was still as large as
14 dB. There appeared to be two groupings of charges Table 8 lists the CSEL, FSEL, and peak level
by level. Events 1, 3, and 7 are low level, and Evenis 2, reductions for various amounts of foam measured in
4, 5, and 6 are about 10 dB louder on the average, situ during theCERL/BRL tests. These results show:
However, the levels measured for even the loudest of
these charges is still lower than the level that would be I. The reductions are greater to the front of the
produced by a 0.57-kg charge fired in air (Table 7). weapon. Since the foam containers were longer
Thus, as long as the cratering charges are buried to toward the front of the weapon, the greater reduction
their design depth, single cratering charges will not may be due to the longer path through the foam.
produce environmental noise problems on ranges
cleared for 0.57 kg charges. 2. The 1.5-m mass of foam produced reductions in

all metrics greater than 5.5 dB.

Table I

Reduction In CSEL, FSEL, and Peak Level Measured In Situ

4!F W

Event No. Conflguration CSEL FSEL Peak CSEL FSEL Peak

i 1.4 X 1.4 X 1.6 m 6.8 7.3 9.4 3.2 4.4 4.4
(30:1)

2 15 X 1.62 X 2.3 m 5.5 6,4 7.9 5.8 6.6 8.8
(30:1)

306 X 0.68 X 0,9 rn 3.2 3,4 2.9 1.2 2.5 2.9
(30:1)

4 0.6X068 X 0.9 m 4.2 4,8 6.2 1.5 2.7 2.5
(15:1)

5 i.4X 1.4X 1.6m 5.9 6.1 5.1 5.3 5.1 4.3
(30:1)

34



Table 9

Reduction in FSEL and Peak Levels Measured Off the Tape Without Ballistic Wave and Echoes

45* 900

Eveni No. Confleurstion FSEL Peak FSEL Peak

S1.4 X 1.4 X 1.6 m 6.2 8.1 . 2,0 4.2
(30:1)

2 1.5X 1.62X 2.3m 6.1 8.1 5.2 7.3
(30:1)

3 0.6 06X0,9 m 3%0 4.1 1.3 3.5
(30:1)

4 0,6 X 0,68 X 0.9 m 4.4 4.5 1.7 3.7
(15:1)

Table 10

Average Levels of the Gun Without Foam 2. Since the propellant charge is contained in the

barrel, and much of the explosive energy goes into

Staton CSEL FSEL Peak accelerating the projectile, the noise levels of artillery
cannot be predicted from the charge weight alone.

453 135.1 137.5 161.4 Instead of using the actual charge weight for scaling

90" 133.1 135.3 158.9 purposes, the weight of a bare charge which would
produce the same noise level as the gun fired without
foam has been employed. The levels measured at the

3. The reductions increased with the amount of 45 and 900 stations corresponded to base charges of
foam. 1.4 kg (at 900) and 2.2 kg (at 450). The average of

these charge weights was 1.8 kg. Average noise level
To check the effect of the ballistic wave, the data measurements of the gun without foam are given in

were edited so only the blast wave was measured from Table 10,
the tape, There was no general trend apparent in the
differences as measured directly or from the tape 3. The reductions scale as the cube root of the
(Table 9). foam expansion ratios (as discussed in Chapter 6).

To develop foam scaling laws for artillery would The data points are superimposed on the design

require a much larger number of data points than charts in Figure 28 ("X" represents the 450 data, "-"
those collected during the CERL/ BRL study, since the data taken at 900 to the muzzle).
artillery blast waves are not spherically symmetric,
and the optimum enclosure shape is also probably From the plots it can be noted:

not spherically symmetric. However, the data can be
related to the reduction prediction curves in Figures I. The data points cluster around the prediction
21 through 23, For this relation, the following lines, so the use of the prediction scheme developed
assumptions were made: by using explosives is at least qualitatively correct.

I. The shortest distance through the foam from 2. Extrapolating these results indicates that at
the muzzle will be used as the foam depth. A lower least a 10-dB reduction can be achieved with uncon-
bound for the predicted reduction is established by fined foams. (The reductions should be larger if the

using the shortest distance. foam is deployed in a cannister with rigid walls),
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9 CONCLUSIONS

I. Both high- and low-expansion ratio foams can 101
be used ,o reduce the blast noise of Army explosive '
charges. For unconfined explosions, blast noise can
be reduced by up to 14 dB; if the explosion is
confined, the foam's effectiveness is increased by

about 3 to 6dB. B,
X

2. It is possible to predict the blast noise level
reductions for unconfined charges produced by dif- +
ferent foams, foam depths, and charge masses,

0.5 I I 2.
3. It is possible to estimate the blast noise level SCALED FOAM DEPTH

reductions for confined charges produced by different 1 .
foams, foam depths, and charge masses.

4, Aqueous foam can be used to reduce the blast
noise levels of shaped charges and artillery.

5, Noise level reductions increase as the degree of
confinement increases. The reduction properties of
aqueous foam can be increased by deploying the
foam in: "

5 X +

a. Enclosures or pits with rigid walli (for training
range or EOD applications).

h.. Reusable, portable metal cylinders (for field
applications). Q5 10 l.0 2.5

SCALED FOAM DEPTH
6. Foam density can be increased by deploying 15.......... .

foam in plastic bags.

5.

SCALED FOAM ODETH

Figure 23. Artillery data points superimposed on
CSEL, FSEL, and peak level rduction prediction
curves, 3
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St. Paul 65101 Ft. McPherson, GA 30330 (2)
ATTN: Chief. E0-0

Chicago 60604 Ft. Monroe, VA 23651 (6)
ATTN: Chief, NCCPK-PES

Rock Island 61201 Ft. Rucker, AL 36360 (2)
ATTN: Chief, Engr D0v

St. LOUiS 63101 Aberdeen Proving Ground, MO 21005ATTN: Chief, E0-0 ATTN: DRDAR-BLL
Omaha 68102

AITN: Chief, Engr Oiv ATTN: STEAP-MT-C

New Orleans 70160 Human Engineering Lab. 21OU5 (2)
ATTN: Chief, LMNED.OG

Little Rock 72203 USA-WES 39181
ATTN: Chief, Engr Div

Tulsa 74102 Army Environmental Hygiene Agency 21005
ATTN: Chief, Engr Div

Ft. Worth 76102 (2) Naval Air Station 92135
ATTN: Chief, SWFED-D ATTN: Code 661

San Francisco 94105
ATTN: Chief, Engr Div NAWFAC 22332 (2)

Sacramento 95814
ATTN: Chief, SPKEV-O Naval Air Systums Command 20360

Far East 96301
ATTN: Chief, Engr Div US Naval Oceanographic Office 39522

Seattle 98124
ATTH: Chief, EN-OB-ST Naval Surface Weapons Center 22485

Willa illa 99362 ATTN: N-43ATTN: Chief, Engr Div
Alaska 99501 Naval Undersea Center, Code 401 92152 (2)* ATTN: Chief, NPASA-R

Bolling AFG, DC 20332US Army Engineer Division AF/LEEEU
New England 02154

ATTN: Chief, NEDED-T Patrick AFB, FL 32925
North Atlantic 10007 AIIN: XRIJ

ATtN: Chief, NADEN-T
Middle Eas'; (Rear) 22601 Tyndall AFI, FL 32403ATrN: Chief, NEDED-T AFESC/TST
South Atlantic 30303

ATTN: Chief, SADEN-TS Wright-Pmtterson AF8. OH 45443 (3)
Huntsville 35807

ATTN: Chief, HNOED-CS Building Research Advisory Board 20418
ATTN: Chief, HNOED-SR

Ohio River 45201 Transportaton Research Snard 20418
ATTN: Chief, Engr Div

Missouri River 68101 Dept of Housing and Urban Development 2L,
ATTN: Chief, MRDED-T

Southwestern 75202 Dept of Transportatioht Library 205110
ATTN: Chief, SWOEO-T

South Pacific 94111 Illinois EPA 6270b (2)
ATTN: Chief, SPOEO-TG

Pacific Ocean 96858 Federal Aviation Administration 20591
ATTN: Chief, Engr Div

North Pacific 97208 Federal Highway Administration 22201
Region 15
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